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output had to  be reduced-to 250 E?. 
.In 1916, Major v. Pztroczy, then of f i c i a l ly  de t a i l ed  t o  t h e  
Vienna Aviation Officers School, entered the service of the BUS- 
t r i a n  Airplane Cowmy i n  Vienna, so t ha t  the l a t t e r  could vork 
O u t  a plan i n  &omon w i t h  the  Daimler Comp2my. This plan, which 
was partially developed a t  the coffee house table,  coasidered 
new a t  that time, but vas, i n  r ea l i t y ,  very old, as I l eerned  
.. much la ter .  Major Petroczy planned t o  replace captive balloons 
by Captive helicopters. On the history of the l a t t e r ,  Mr. ZuIOveC, 
i n  "Bestrebungen zw: Lssung der Aufgabe des senkrechten Aufstieges" 
(Attempts t o  Solve the Problem of Verticzl Ascent), ZaF.M. 1921, 
No. 24, p.354, has given the most importarit points i n  Minfuhr's 
"Leitfaden der Luftschiffahrt urd Flugteck-ik, )* second edi t ion,  
p.214, 80 that there remains t o  be described i n  the present art- 
c 
c 
1 i c l e  only the actual work on said project. Everything m i l l  be 
re la ted  here, even t h e  fa i lures ,  w i t h  the  knowledge that the 
l a t t e r  a r e  often more instructfve than the simple a c a u n t  of 
achievement 6. 
Major v. Petroczy planned t o  i n s t a l l  the  above-2entionec 
the 
e l ec t r i c  motor a6 power plant on the helicopter and supply it  
w i t h  e l e c t r i c  current through the mooring cable. This current 
could then be generated i n  a sheltered place on the ground which 
Tould naturally be of great advantse .  
? 
A t  the f i r s t  conference, which vas attended, on behalf of 
the Daimler Company, by its Director, Dr, Porsche, Chief Engineer 
K8hler of the  Construction Bureau and E lec t r i ca l  Engineer Zadnik, 
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and hauling d o n  t h e  balloon, 
plant is required for each balloon, 
Altogethe-, a large and expensive 
T>ere -.TELS a l s o  tSe argmer-t 
f y I . u v  --> 2 r a c3,ptive ba l looc ,  on s c c o ~ n t  ~f z>z gzzat s s x c i - , - ~  GS rib- 
ber, represented a large e s i t z l  and, r k e t  ?as s t i l l  "?ore k p Z G  
ant ,  i t  ras very difficult t o  replace z;jithiz ii ~ ' = . , ~ r t  ti~e. 
large "szassgeff balloon near the enelry fines offered a f i n 2  t a r g e t  
f o r  a r t i l l e r y  and mas often attacked by aviztors, 
t o  be quickly hauled down, since ot l iemise  it  T ~ S  sure t o  be 
shot down. 
chive away at tacking airplsnes, becaise the  basket   as under t'ne 
balloon, s o  tkat he could not shoot up. 
ox f i r e ,  the observer Cad t o  descezd by p;.azh.;te, i n  o r d a  t o  
Avoid being buried by the  burning balloon. 
A 
. I t  then had 
It  33s practically i n p s s i b i e  f o r  the  5allloonis3 t o  
If t k e  bs l loon  32s s e t  
.~ . 
. 
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Hence a captive balloon did not offer an ideal  observation 
station and it was only natural t o  seek something better to t ake  
tts place. Major v. Petroczy proposed t o  replace it ni:h a csp- 
t i v e  helicopter, 
Petroczy figured tkt, w i t h  a s r e c i f i c  lift of 4 kg ( % B  IbS) 
per HP, using the 300 HP e lec t r i c  yotor, it VoGld be possible t o  
r z i s e  a helicopter having a t o t a l  xeight of 1200 kg (2645 roS)- 
Lzter, h i s  proposal, fi,o;ured out even to details,  roved 
- to be only a hindrance t o  the successful solution of t h e  Problem. 
Instead Of leaving us a f ree  hand for inventing, he had Prescribed 
f o r  
Practice. 
vas led only by the best motives. 
very practical and a t  t b t  time, on account of the newness of 
the subject, no one could have known that tkere were b e t t e r ,  
simpler and cheaper solutions. 
only one way, that of putt ing a par t icu lar  theory i n t o  
We have no thought of reproaching Petroczy, since he 
?Ioreover, h i s  ideas seemed 
On the b z s i s  of the plan presented by h i m ,  it wa.s first  cor,- 
sidered as t o  iFhether a 1200 kg propeller l i f t  Tould be su f f i c imt .  
I t  xas taken for granted t h a t  a lift of 4 kg per EP could be ob- 
tained, because it had been obtained w i t h  ordinary airplane pro- 
pellers on the stand, though x i t h  a propeller of about 2.9 m. 
diameter, driven w i t h  a losd of about 120 EP, while 300 -W had 
been adopted for the helicopter propeller. It   as implici t ly  as- 
sumed, however, that the required l i f t  could be obtained by means 
of special ly  constructed propellers, 
It was required of the captive helicopter that it, a i t h  an 
- 5 -  
J 
observer, should be able  t o  ascsnd from 500 t o  lG00 meters (1102 
2'40 2295 ft) i n  a wind of about 8 m,/~er, (25 ft.,/sec) , and that +,'-,e 
observer should take along a parachute, a telepnone and a rnZchi3X . 
gm. (Here a fundamental error was =de. Instead of d e t e a i n i n g  
first whetfier the helicopter would fPj at a l l ,  it was reqaired t o  
be 2 m i i i t a r y  sirphne. 
The following weights were ten ta t ive ly  suggested: 
Propeller 50 
fbs . 
110 
-- u 
4 Hotor with driving gear 
7 .2  mm cable for 1000 m 
Parachute and landing gear 
Observer 
Vertical component of wind 
pressure on cable f 
250 551 
150 3 31 
200 
80 
441 
176 
2 30 507 
Tota l  960 2116 
t -  
So t h a t  a l i f t i n g  power of 1200 2545 
would give a surplus of 240 529 
for covering the  weight of the machine and telephone. 
I have purposely given the f igures  jus t  as they were f i r s t  
Froposed at the conference, although even during the conference 
the  weight of the motor with driving gear w a s  ra ised t o  300 kg 
(661 lbs) , tbreby reducing the  reserve l i f t i n g  power by 50 kg 
0 (110 lbs) .  
That t h i s  motor was not part icular ly  suited for the  p u p o s e ,  
26 i t  seemed at f i r s t  thought, follows from the  follocring con- 
s iders t ion:  
I n  addi t ion t o  t h e  motor, 'the csble hzd ' to  be l i f t e d  t o  the 
height of 600 meters ( 1968.5 ft), s o  t h a t  i t s  weight mould have 
to be added to the weight of the motor. 
be addeO the v e r t i c d .  component of the wind pressure ( f o r  3 wind 
of €? m/sec (26 f t / s e c ) ) ,  :-Jhich mounted t o  230 kg (507 1bS) Eeces- 
s i t a t b g  3. 7 . 2  mm (.024 i n )  s t e e l  cable. 
3 s  mas k e d i s t e l y  apparent, would be t t e r  be sn  s luxinm cable, 
because an iron cable, on a m u n t  of i t s  high electr ic31 resis-  
tznce, would have required z very large cross-section snd come- 
quently * o d d  U v e  been much t o o  heavy. 
zould'produce 368 zmperes, vhich the small s t e e l  wire could not 
carry. 1 
Furthermore, there had f;f 
The e l e c t r i c  conductor, 
(For 300 HP st 600 v o l t s  
The choice of fais motor, zpparently s o  favorable, proved 
It was z great obstacle to t he  solution of the Thole problem. 
not discovered till  much l a t e r  t h a t  a less  powerful motor,  on 
account of its smaller -.aeight, is decidedly prefer33le t o  the 
more ponerful one. We aere given at t h a t  time, however, 3 Frob- 
lem v i t h  the essent ia l  de t a i l s  already worked out for us, nainely: 
e l e c t r i c  motor drive and condQction of e l e c t r i c i t y  through the 
mooring cable. Our t a s k  was t o  f i n d  out whether t h i s  plan was 
f eas ib l e  and, i f  so, t o  determine the bes t  p r s c t i c a l  method of 
construction. This r e s t r i c t ion  of the problem, which, d ic ta ted  
w i t h  the  bes t  intentions,  was exrected t o  lead t o  a quicker s o l u -  
t ion ,  rea l ly  hindered i t ,  and it  was not u n t i l  much l a t e r  t ha t  
-ire succeeded in  freeing ourselves from it. 
As landing gesr, v. Petroczy suggested supporting surfaces 
l i k e  those employed by Paxseval i n  1908 (V-D.I.  , 1909, p.8S9). 
A parachute mas already at  hand i n  u t i l i z a b l e  form. It vas 
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opened by a kind of "Murem3erg sfiears" shich %encircled the \Thole 
p rachu te  and woTked perfectly,  so t h a t  it ras Fossible t o  j m p  
safely fron a height of only 20 TTieteis (65 f e e t ) ,  3s  -a& 3eeE 
=.qea. ted ly  done. 
onPy a l i t t l e  spsce. 
I t  wejghec only e kg (17.6 lbs) and occapied 
The general plan of coastsuction -as libeTise 3 r i e f l g  
sketched at the first wnfezence. A siniple frame, for su2port- 
ing the motor M and t k e  prope1;er ?, carr ied the aforesaid 
airbags L. The cable was t o  pass over t'ne end of zn ou t r igge r  
and the free tuning moment ?cas t o  be of f se t  "in some m m e r  or  
other," (Fig. 1). 
In order t o  render ssld aoment hamless, various suzgest- 
ions aere made (Fig. 2). I n a d d i t i o n  to the propeller P,  
carr ied by the frame, there are arrasged ax ia l ly  under i t  three, 
o r  men aore,  guiding stirfaces F, f o r  o f f se t t i cg  the turning 
moment. 
Fig. 3 shom another device, roith which a- slight turning 
was allowed. 
surfaces on lateral arms, while the czble cas t o  be attachUsd t o  
another such zrm or outrigger. 
I t  naa suggested t o  place one 3r more resis tsnce 
Evsn a t  th t  time, the yroblez of thg propeller xas recog- 
nized as of suprme importance, Those solut ion ixst be f irst  
sought, 
t e r  propellers was, of course, h o r n  and kence experinentsl 
propellers were ordered for 400, 600 and 800 R.P.M. st 3CO AW, 
of which the  last two were special ly  intended for use on the 
The advantage of a srnzll revolution sgeed f o r  helicop- 
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captive helicopter,  i n  order t o  make the gearing corresponding- 
l y  light. 
-- various propeller companies were asked xhetner they were 
p r e p i e d  t o  make propellezs up t o  a maximum diameter of 6 meters 
(nearly 20 f e e t )  w i t h  a thrust of at l e a s t  1200 kg (2645 Ibs) 
a t  300 HP. Only the Austria-Hungary Integral  Propeiler T!orks 
i n  Vienna amounted themselves ready t o  nake such a propeller. 
A blower f i r m  offered t o  vzke a bloffer instezd of 3 p r o p l l e r ,  
i n  which, st our suggestion, the blades Tere t o  be made of ply- 
wood. 
veight w a s  too great. 
t o  be b u i l t ,  i n  order to be able t o  t e s t  the propellers. 
The’project m a s  dromed, toroever, because the computed 
I n  the meantime, the tes t ing  stand had 
The completion of the e l ec t r i c  motor could not  be e x p c t e d  
f o r  a long time, so that there vas no,chance of being ab le  t o  Use 
it for t e s t ing  the propeller, 
t o  tho, required power had first t o  be determined. 
Company now provided a shunt motor of 100 EP =hi& offered 3. 
convenient regalation of the R,P,x4. 
.;;.eigh less than 3500 kg/ by means of toothed gears, its rem- 
lut ion speed was reduced to 600 R.P.14. and a special  Tater re- 
The ra t io  of the propeller thrust  
’?‘;.,e GaiZler 
This notor,  homever, did not 
(7716 l b s )  
sis tance m s  provided f o r  regulating the shunt. 
, 
The output was determined from the energy absorbed by the 
e l e c t r i c  motor, which was measured by well damped volt  and ampere 
meters. 
Tit3 the  intermediate spur-wheel drive,  according t o  the  s ta te -  
The efficiency of t h e  motor was knom for various losds.  
nent of the Daimler Company, an efficiency of 96% could be 
obtained. 
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The measurement of the puli was nuch more Gifficult .  T5is 
requfred the greatest  possible accuracy, together v i t h  the S i p -  
p l e s t  gossible cdnstruction of the t e s t  stand, nhich, for the 
sake of beeping the T h G l e  matter secre t ,  as =ell as for  saving 
time, 'Kas t o  be b u i l t  i n  the airplane factory. 
cussion of the  pros md corn, the  following arrangement was 
adopted; 
After much dis- 
The e l e c t r i c  motor Y, w i t h  attached gearing Q, vas f i r m -  
l y  mounted on a strongly h i l t  wooden stand (Fig, 4). The stand 
r e s t ed  on Toheels zit3 bal l  bearings and stood on perfect ly  leve l  
square i ron rsils, 
s i t i o n  of 3 lever €3, 
spring balance on which the  pull  could be read directly.  
manner a moment r a t i o  of 2 : 1 a s  obtained an&, by using t m  
balances i n  tandem and taking the  near, of t h e i r  rezdings as the 
pull ,  any inaccuracies of the balances were rnore readily noted. 
The f r i c t i o n  of r e s t  =as naturally ccnslderi3le but the xho9e 
The stznd was held s ta t ionary  by the interPo- 
t o  the middle of which w a s  attached a 
In t h i s  
stand m s  constantly i n  vibratior,,  s o  t-*-'- t - " s  friction vas 
nuch diminished. 
rhici? Tas made of strong timbers, 15 x 15 cn (about 6 in. square), 
s t i f fened  at the  jo in t s  by strong sheet-iron plates, There were 
also v o l t  and ampere meters on the stand, Thile the  rheostat  mas 
s e p r s t e l y  in s t a l l ed ,  w i t h  cuzrent conductiozl through a f l ex ib l e  
cable. 
F o p r e  4 ShOv6 diagram of the tes t ing  stand, 
The revolution sped of t 2 e  motor sh3Z.t --?s measured by hand 
T i t h  a Horn revolution countez and tken S l a t  of the propeller m s  
computed, the conversion r a t i o  of ';he d.r%ving gear being knom. 
- 1c - 
As regards the attsinablp, sccu~acy of the measurements, t h e  
+ computation of the output f ro= t h e  vo:tzg;a and amper%ge, on t h e  
basis of efficiency, fs, naturally, not free from objections. The 
efficiency of the gezring was estimated at 96% on t21e b s s i s  of 
t e a t s  made qith other sini'dr gearings. 
stand and %he rails was.so small as to be negligible in corcparison 
The friction betvreen the 
with errors due to the use of spring balances. It may safely be 
assumed, however, that a thrust of 450 kg (992 lbs)  was accurate 
to within 50 kg (110 lbs)  (11%). 
- 
The first tests were made with a propeller furnished by the 
Austria-Hungary Integral Propeller Works, This ash propeller had 
the following measurements: diameter D 6 m (19.7 ft); pitch p 
3 m (9 .8 ft); width of blade c 45 c m  (1.48 ft); weight IT I50 
- kg (331 lbs) .  A t  P = 100 HP and N = 600 RPX, it gave a thrust 
of T = 450 kg (992 lbs)  or 4.5 (9.9 lbs) per HP. 
For judging this result, we may use Bendemann's formula, ac- 
cording to which the theoretically attainable thrust (Tt.1 is 
given by 
or approximately (uith Y/g = 1/8 for the mass of the air and 
L = 75 P) by . 
On t h e  basis of this expression, the maximum thrust nith a propel- 
ler of 6 m (19.7 ft) diameter and 100 HP, mould be 
S O  t h a t  the Fropeller efficiency (the ratio of the actual to the 
theoretical thrust) would be r7 = 61.s 
Tth = 735 kg, 
a very small value , 
chereby it should, however, be remembered that the propeller ab- 
--. 
i 
I 
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sorbed only 100 HP, instead of 300. 
The poor r 'esults df t h i s  first exprirnect m r e  vsry diSCOUZ- 
aging. A t  that time the m i t e r  l e f t  the Austrian Airplane Com- 
Fany and joined the Austrio-Hmgary Aviation Arseiial, sliich had 
i n s t a l l ed  an extensive F l m t  f n  Fischmend near Vienna f o r  t h e  
manufacture of airplanes. 
ing p r o ~ e l l e r s ,  the director  of xhich, Lieutenant v. Asboth, 
There =as a special section f o r  mak- 
vas assigned the task of eqerimenting v i t h  helicopter Z;roFel-e 
l e r s ,  f o r  srhich purpose a nodern tes t ing  plant was comrleted 
ear ly  i n  1917 and placed a t  h i8  dispszl.  
been described i n  t h i s  magazine, so t h a t  a detai led description 
of it now is unnecessary. 
t he  peace t rea ty ,  this plmt had t o  be turned over t o  the Entente 
and is no3 i n s t a l l ed  i n  Rome.) 
T'ne z lan t  32s alresGy 
(In carrying out the provisions of 
He b d  already obtained f a i r l y  gcod results v i t h  ordinary 
propellers w i t h  a patented cross-section (0. R, P. No. 326433. Of 
December 20, 1916). 
l i t t l e  foundation for the  designing of helicopter propellers,  
xhich, v i th  300 HP and a diameter of 6 m., were expected t o  ex- 
e r t  a force of 4 kg/€P, f o r  at that time we only figured on the  
use of 3 single propeller. 
These propellers, hoaever, offered very 
The methodical tes t ing of propellers 3% thec begun i n  
Fiechamend, a i th  the purpose of a t t a in ing  an efficiency as near 
10% as possible, while Prof. v. Earman was given the task of  
discovering the constructive solution of the problem. 
houever, he could not begin h i s  work, s o  long as he did not know 
Naturally,  
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how m a y  propellers were t o  be considered, and i n  That arrange- 
ment. 
Several ordinary propellers, of l i k e  dlzyeters but differ- 
ent pitches, aere f irst  tes ted  and g r a $ ~ ~  macle= xhick gA*.'edtiy 
influenced subsequent exseriments. There seemed, f o r  lnst&r,ce, 
t o  be a connection betTeen the diameter and pitch,  of strch a 
kind that, for each diameter, the maximum efficiency could be 
obtainedby only one def ini te  p i t & ,  i f  EL given HP Tere t o  be 
&sorbed In  order t o  investigate this conaection, one of these 
components m s  continually modified, Hence, propellers crith 
l i k e  diameter6 but different  pitches were =de and then t e s t ed  
on the stand a t  500 t o  2000 R.P.M. , for t h u s t  and torque and 
output and the r e su l t s  were shorn by graphs. 
then varied (100 m at  a time), while the Titch and -nridth of 
blsde renained the same, and new graphs were made. 
The diameter was 
In l i k e  nanner, the influence of the  Tidth of the blade 
vas determined, by narrowing it  5 mm at a time, xithout dimin- 
ishing i t s  thickness, 
the narrowing (Fig. 51, but the shape of the cross-section was 
Its t r a i l i n g  edge -.vag left thicker by 
2190 modified t o  correspond t o  i t s  width. 
The experiments showed, first of a l l ,  t h a t  the r e su l t  was 
affected by a number of scarcely notice'd circumstances, e.g. ; 
curve on e i ther  side,  i t s  e l a s t i c i ty ,  etc, Experiments vere 
also t r i e d  with blades bent strongly backward (Fig, 61, nkich 
Then driven, assumed a position perpendicular t o  tl-ieir a x i s  of 
rotat ion,  under t h e  influence of th rus t  and centrifugal force. 
f 
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Figs. 7. and e show the r e s u l t s  obtaized w i t h  tm very s i m -  
ilar ash propellers d i f f e r i zg  ozly ir? t k e  ST",O-CZI~ they v e i e  k c ~ t  
back. 
i s  quite noticeable. 
The diffezence i n  t h e i r  poner zbsorptim and efficiency 
E i t h  the same R.P.X. of 1500, we obteined, 
e. &* 3 
Record 76 Record 77 
T = 390 kg T = 350 kg 
= 124 HP A =  8 9 W  
= 78,s rl = 87% 
- 
For reducing the weight as m c f i  as possible, propellers 
were =de of $puce, Ghich indeed proved very l i gh t ,  but not 
s t rong enough. Figs. 9 and 10 de r i c t  the r e s u l t s  obtained 
T i t h  a sgruce proseller 2.8 meters d iamter ,  
e res t ing  t o  note that, w i t h  snall revolution speeds of 550 
and 600 R.P.X. corresponding t o  about 3.5 and 5 HP, values of 
108 a d  104% mere obtained f o r  o f a c t  z lso confirmed on 
other  Froseller t ypes  and which is contrary t o  every theory. 
Here it is  int-  
q ; 
It is, of course , possible - that, w i t h  such small Fevers, the 
th rus t  and output could not be accurately enough detemined 
and wrong numbers were obtained, Of i n t e r e s t  here is also the 
course of the q curve i n  records 25 and 32, since the l a t t e r  
represents the same proyeller,  i n  which.only the w i d t h  of the 
blade was made a l i t t l e  narrower. I n  the  former case, a fall- 
ing; i n  the latter case, an almost horizontal  efficiency l ine.  
For the first t e s t s  v i t h  four propel lers ,  some made of 
mahogany were used, which had the  character is t ics :  
1 
t 
i 
F 
t 
0 14- 
N = 800 R.P.M. and ' 800 R. P, 74. 
D = 3.5 m. 5, 5 m. 
TJ = 9.75 kg. 20 kg. 
The prescribed, re la t ively high, revolution speed v i t h  small 
output (P = 50 o r  100) gave an unfavorable q , which, hozever, 
i n  the izherval from 650 t o  850 R.P,II. remained slmost  constant. 
One of the  main objects of the experiments w a s  t o  be Sble t o  
predetermine methodically the course of and t o  give the pro- 
pe l l e r s  corresponding dbensions. 
The best  material f o r  l i gh t  propellers m s  found t o  be ma- 
hogany, but only of the best quality, 
&both propellers, the ones furnished by the "Elma" company i n  
Budapest broke, because they were made of a poorer quzlity of 
mahogany. 
( i n  tzs t ing  the "PKZ'' 
\ 
. 
I n  order t o  study the influence of the cross-section, pro- 
pe l l e r s  were made n i t h  a pi tch of zero and w r e  tes ted  on a 
small stand b u i l t  by us. 
on 3 s m a l l  plate and balanced on a knife-edge, i n  order t o  make 
it possible t o  determine the torque. 
A direct-current notor vas aounted 
Thie p la te  w a s  suspended 
so it  coufd turn about a point, so t p a t  the thrust could also 
be deterrcined I n  t h i s  manner. fsvorsble cross-sections vere 
determined and sma.11 propellers tested. Streamlines over the 
cross-section =ere a l s o  obtained: The blades were costed s i t h  
o i l  and very fine soot zvas blown in to  the air stream. The s o - t  
adhered t o  the o i l  and thus formed 4oonderfully f i n e  streamlines. 
Pa ra l l e l  with  these propeller experiments, investigations 
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=ere now carr ied on concerning the constiuction of a helicopter. 
powers, it wits be t t e r  t o  employ several  propellers. This de- 
c is ion and the following brought aboct m t i r e l y  new arrangements, 
P rmis ion  had t o  be made for protecting the occupant, i n  case 
the helicopter should fa l l ,  due t o  sto2page of the motor o r  other 
cause. The possible loss of the helicopter i n  such an event 
had been accepted from the first, but the p i l o t  was supposed t o  
s n e  himself by parachute, Such a course was, hoxever, practi- 
ca l ly  impossible, if the p i l o t  had t o  f r e e  himself from the 
framework of t h e  aircrAft, A.tt that  time the only solution of 
t h i s  d i f f i cu l ty  seemed t o  be t o  place the p i l o t  i n  a kind of 
tower open a t  the  top, 80 that, in the event of the helicopter 's  
f a l l i n g ,  it would fall ,  t o  a certain degree, away from him. 
The construction of propellers for u t i l i z i n g  t h i s  to=er its a 
hub =s ra ther  unsafe and t h i s  circumstance favored the design- 
ing of a helicopter with several propellers. 
Thue was evolved the project shorn i n  Fig. 11. One motor 
drove f o u r  propellers of about 3-meter diameter, zhich were 
arranged symmetrically in pairs, They were driven by ball- 
bearing gesrs, by means of which the revolution s ~ e e d  could a l s o  
be reduced. 
;vas occupiedby the p i l o t ,  who, i n  case of necessity, could 
jump out of the  top and escspe with-a  parachute. 
was a l s o  designed as a captive helicopter. 
there was a universal swpension framg, a l so  shown i n  Fig, 11, 
The space remaining between these four propellers 
This a i r c r d t  
For t h i s  purpose 
. 
! 
. 
* 
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The Tiscbamend group of experimenters, l ed  by Prof. v. 
K3- 
vita the 8 m e  problem, although only w i t h  respect t o  construc- 
also,  a t  the behest of ths V?liegerarsensl," occupied 
taon detai ls .  
In order t o  take advantage of the s e a t e r  efficiency of 
small propellers w i t h  a smaller =eight qer Rp, Prof, v. Kaman, 
at that time, plannea t o  build 3 helicopter w i t h  3 considerable 
nrnnber (10-12) of propellers arrangsd i n  a circle ,  ths space 
. l e f t  i n  the middle t o  be occupiedby the pi lot .  I t  was soon 
found, however, that the combined veight of a l l  the shafts, 
gems and bearings would be too great, asids from the resu l t ing  
uncertainty of drive, 
four propellers, with the minimum number of gears, etc. 
the b e s t ,  since the  torque could be fully offse t  and lsteral 
s tab i l i ty  at ta ined,  so tkat all Considerations seened to Confirm 
the correctness of our f i r s t  design. 
It was decided, howe-Jera that the plan of 
I n  order, however, t o  invsst igate  other poss ib i l i t i e s ,  Prof. 
v. garman and Ensign Z u o v e t z  designed the project skom in Fig. 
12, i n  w h i c h  there was a tower for tke OtDserver. The four pro- 
pe l la rs  mere azranged i n  a row, embl ing  escape through the bot- 
ton, although not i n  every directfo3, on a c c o u t  of the three 
mooring points. 
The arrangement of the propellers necessitated t h i s  mznner 
of mooring. 
plane, could only give ' s tab i l i ty  w i t h  referezce t o  tfie  lane per- 
pendicular t o  them, through the  middle of the  helicopter, and it  
The four propellers,  whose axes 211 lay i n  the sane 
i t 
I 
t 
t 
i 
f 
c 
i 
I 
I 
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equally promising p k n  and consequently kept on wi th  this prcjject. 
A. small comgressed-sir engine and a made1 of the kelicopter 
were built, which rose while attached three points. On 
the  basis of t h i s  result ' ,  i t  was planned to nake a similar full- 
s ized helicopter, I n  iny oFinion, hoxever, t h i s  experiment could 
of fe r  no enlightenment zegar3hg the rasvil ts  w i t h  a full-sized 
helicopter. . F i r s t  cf 311, ti,e w 3 i g h t  relations of the model zmd 
of the full-sized helicopter a i d  not tori-espond and =ere hardly 
comparable. 
give any correct idea and we had t o  mait the resu l t s  of experi- 
ments w i t h  the full-sized helicopter. 
bofher problem then 2,;rtrse. 
Consequently, experirrenfs w i  th the node1 could hardly 
I n  order  t o  make two  hel-icopters, 
was required, since only one h2d been b u i l t  and another motor 
there was no m y  t o  oy.erste our l a t e s t  project. 
tioned, our calculations showed t h a t  the e l e c t r i c  motor offered no 
advantage over the orciimry airplane engine '~aen,  i n  addition t o  
the weight of the motor, the weight of the current conductor aas 
taken in to  account. 
on a small s t e e l  c&le, just strong enough f o r  mooring and hal;ling 
A s  already men- 
The xind pressure would a l s o  be greater than 
down. 
the regular six-cylinder airplane engine madepby the Austrian f i r m  
The four propellers tes ted for our project  enabled us t o  use 
of Warch~lowsky, Eisler and Co., known as the "Hiero" engine ser ies  
34000, w i t h  a brake-horseponer of 250 at 1400 R A M .  , and arranged 
f o r  drive at both ends, vhich would have greatly f a c i l i t a t e d  the 
, 
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disposi t ion of the driving gesrs f o r  the four propellers. 
quently, we figured further only on the in te rna l  combustion engine, 
rh ich  zeighed 335 kg (738.5 lbs). 
Cortse- 
The vork now suffered an interrupt ion through the t r m s f e r  
of the  writer t o  the Hungarian Airplane Works, vrhere an ent i re ly  
d i f fe ren t  l i n e  of work l e f t  very l i t t l e  time for continuing z i t h  
t h e  helicopter. 
I n  the meanwhile , both projects  were continued by Prof . V. 
Kaman, who gave a br ief  account of them i n  the a r t i c l e  already 
mentioned (2.F.Y. 1921, 130.24). I n  both helicopters,  the center 
of gravity is over the  plane of suspension and s tab i l i ty  is a t t a i n -  
sble ,  only Then the  mooring cables a r e  kept t au t  by suf f ic ien t  ex- 
cess l i f t i n g  force ,  
Von Asboth, when afterwards Director of the Hunprian Propel- 
l e r  Factory i n  Budapest, caused a helicopter to be b u i l t  l i ke  Fig. 
11, 7jhich -6, however, greatly damaged by 2~ f i r e .  The draning 
plainly shows the tower with the sxinging frame for the mooring 
cable, as also the four arm8 f o r  the propellers. The engine is  in- 
s t a l l e d  at the bottom, w i t h  the f u e l  tank above it. 
I n  a l l  previous helicopter types, the  only plan considered 
f o r  saving the p i l o t ,  i n  the event of.engine trou3le o r  a propeller 
break, was by means of a p rachc te .  The expensive helicopter vas 
sure t o  f a l l  and be completely destroyed. 
occur, if the propeller thrust diminished and the mooring cable 
This w a s  a l s o  l i ab le  t o  
became slack. 
by %ems of a winch, u n t i l  i t  touched the ground, w i t h  the engine 
It vas therefore Flzmned t o  haul d o n  the helicopter 
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running kt full speed. 
The sacrifice of the aircraft, in the event of injuries, 5s 
sn extremely crude means for saving the pilot. 
now chiefly devoted to the invention of a helicopter that could 
descend slowly and land or change its altitude at will without 
being drawn in by the cable. 
view, were carried on in common with Director Bloudek of the Con- 
struction Bureau of the "Ufag" without further support from the 
"Fliegerarsenal," which was then occupied with the tvo Raman 
projects. 
Our endeavors were 
Experiments with this object in 
We indeed requested instructions and financial support and 
received , August 8 ,  1917, from the "Fliegerarsenal" the following 
specifications for the construction of a captive helicopter. 
"Specifications for the construction of an experimental cap- 
tive helicopter: 
1. -ne.- As motive power, a 230 HP Hiero eagine shall be 
used. A fuel  supply for two hours s h a l l  be carried; 
2, Mooring- The mooring cable shall be able to withstand a 
stress of 3500 kg (1716 lbs); 
. 3. Useful load and altitude.- 180 kg (about 397 lbs)  shall be 
carried as useful load. With this load and a full supply of fuel, 
the captive helicopter shall be able to attain an altitude of 1200 
meters (3937 feet) and still have sufficient reserve lifting power 
to insure its stability; 
- 
4. Driving gear,. This shall be able to run continuously for 
10 hours under fu l l  load without excessive heating o r  Tearing; 
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5: Armament.- This  shall cons i s t  of a machine gun and lG00 
cartridges. 
manner as t o  be able t o  cover as wide a range as possible; 
The machine gun s-hall be mounted on the r i n g  fn  such 
6. Visibil i ty,-  T h i s  s h a l l  be given special  attention. 
the  space di rec t ly  under the helicopter can be excluded from the 
f i e l d  of 'vision; 
only 
7. Stabili ty.-  The helicopter shall remain s t i l l  enough i n  a 
moderate wind, up t o  about 15 meters (49 f e e t )  per second, t o  en- 
able continuous observation w i t h  a spy-glass; 
8. Safety measures.- Provision s h a l l  be made for enabling the 
observer t o  save himself by means of a p rachu te ,  i n  case the en- 
gine stops. It is also greatly desired tha t  the descending speed, 
w i t h  engine en t i re ly  stopped, be diminished enough t o  prevent the  
destruction of the helicopter. 
On August 27, 1917 , we replied i n  f u l l  t o  the above communi- 
cat ion and explahed  our objections t o  the specifications , as fol- 
lows : 
"Due t o  the lack of any practical experience and the uncer- 
tainty of a11 theoret ical  considerations, w e  suggest that for the  
experimental helicopter,  only the following s t ipu la t ions  be made: 
1. That it shall fly; 
2. That it shall be stable; 
3. T h a t  i t  shall give a t  l e a s t  as good v i s i b i l i t y  as a captive 
.. balloon. 
"?e ask t o  be freed from a l l  other ' res t r ic t ions ,  u n t i l  we have 
a c q d r e d  the necessary experience from the first exgerimental heli- I 
i 
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Copter, t o  be made as quickly and &eaply as Fossible. Such re- 
s t r i c t i o n s  would only complicate the work and render i t s  sccCeSS 
dou5tfuL 
for the f irst  helicopter. 
. 
Moreover, certain specifications a r e  of no consequence 
Under t h i s  head falls, first of a l l ,  
the question of armament. No rilore protection from airplane attacks 
needs t o  be required for a helicopter t b n  f o r  a a p t i v e  balloon. 
Simultaneous defense from above an& below is s t i l l  impossible and 
the protection would therefore be very imperfect, even taough it  
were possible t o  shoot upward.. 
Flznes immediately available for m i l i t a r y  purposes, t h e i r  deve lop  
ment = o d d  cer tainly have been much retarded. 
Had it  been required to make air- 
"The choice of the ve r t i ca l  engine is just as unpractical. 
Its horizontal shaft requires a se r i e s  of driving gears, which a r e  
not only unreliable, wasteful of power and expensive, but a l s o  re- 
quire a long time for the i r  mandacture. 
>lmt is k e a 6  and the dead weight considerable. 
engine (230 HP Hiero) is not necessaq,  since it  is  possible t o  
fly w i t h  much l e s s  power, if the dead weight is only s m a l l  enough. 
For the f irst  helicopter,  one hour's f u e l  supply is suf f ic ien t ,  
especially as this would considerably reduce i t s  weight znd dimen- 
sions. 
t e r s  instead of one large cumbersome one, thereby gaining the great 
advantage, i n  case one should prove defective, of having another at  
hand.. 
duced, as likewise the  cost of operation. 
helicopters could be used and feier vehicles and men would be re- 
goreover, the  vrhole poner 
Such a powerful 
It would then be possible to - t r snspor t  two small he l icopi  
Noreover, the cost of production would be considerably re- 
Consequently, more such 
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Wired f o r  the i r  transportation. All these advantages aze obtain- 
zble by the adoption of an engine smaller than the one sl;ecified, 
and indeed of a rotary engine, as a r i l 1  be more f u l l y  explained 
fur ther  on. 
"Likewise, thestipulation of the breaking strength of the 
reooring cable is only of lfriited value. 
attainable l i f t  of the  par t icular  helicopter and only needs t o  be 
great enough t o  haul down the helicopter while the engine i s  mm- 
ning w i t h  t h r o t t l e  wide open. 
f i c i e n t ,  inaszuch as a helicopter vould seldom need t o  be hauled 
down when running under full power and any increase i n  the s i z e  of 
the  cable would also increase i ts  weight and the pressure of the 
wind against it, which i n  turn would,necessitate a disproport iomte 
increase i n  l i f t i n g  power. 
adapted t o  the par t icular  helicopter and i ts  choice l e f t  en t i re ly  
t o  the constructor. 
It depends on the W X h m n  
A safety factor  of 1.5 to 2 i s  Suf- 
The mooring cable can therefore be 
"The useful load, nithout armament, may, of course, be smaller 
than 180 kg (397 lbs). 
(264 lbs) would suffice: 
For the first crcptive helicopter,  120 kg 
1 observer 75 kg (165 lbs) 
Spy-glass, radio, etc. pS  n (99 " )  
Useful load 120 kg (264 lbs) 
"As regards safety measures, it may be said t h a t ,  i f  a heli-  
copter can be =de 66 safe  an a n  airplane ( that  is, i f  it can land 
sLfely by gliding, i n  cas e of i n j u y ) ,  no more can be requirsd of 
it. The rescue of the observer by means of a parachute is even un- 
. . 
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desirable,  i n  the sense that he should abandon the helicopter t o  
i t s  f a t e  st the first int-hiation of the possibility of a fall ,  
Provision should therefore- be nade that,  i n  case of engine f a i lu re ,  
the helicopter may land as softly as possible. 
being s e t  on f i re  by incendiary bu l l e t s ,  there is no rescue even 
f o r  3n airplane, so that for tae first  helicopter,  the poss ib i l i ty  
of s a fe  gl iding f l i g h t  should be en t i re ly  satisfactory.  
I n  the event of 
"The above may be summed up b r i e f ly ,  by ssying tha t ,  i n  such 
a new Froblem, no res t r ic t ions  should be s e t ,  but f r ee  play should 
be l e f t  to  the inventor. We w i l l  now take t h e  l i be r ty  t o  give i n  
detail the results of our investigations and t o  describe the pro- 
cess of evolution. 
"The first helicopter had four propellers arranged around a 
centrzl observation space. Tce v i s i b i l i t y  was good 2nd the space 
beneath could be readily observed, since t h e  propellers mere sup- 
ported only by a l i g h t  framework of tr iangular pyramids-(Fig. 11)- 
"This arrangement was adopted for the  e l e c t r i c  motor. The 
f i r i n g  f i e l d  =as f r e e  above, while i t  was p a r t i a l l y  obstructed by 
the framevork .below. 
73s eXFeCted t o  fa l l  away from the observer, while he saved himself 
by aeans of a parachute. 
bzlancing the propellers in pairs against  each other. 
I n  case of engine f a i l u r e ,  the helicopter 
The propeller torque was eliminated by 
Stabi l iz ing 
surfaces had t o  be provided, which, if s i tua t ed  above the propellers, 
-noUd naturally have r e s t r i c t ed  the  f i r i n g  f ie ld .  
nJould have been 1200 - 1400 kg (2646 t o  3086 lbs) and wAould have 
necessitated about 300 HP. 
The total weight 
There was no poss ib i l i t y  of protecting ! 
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the helicopter against being smashed or at l e a s t  seriously &=aged, 
in the event of 1, fall. 
could be suff i c i e n t l r  s tab i l ized  by the s t ab i l i z ing  surfaces. 
Vcreo~er,  there was no certainty t h a t  it 
"We therefore turned t o  other solutions and weze first influ- 
enced by the following considerations. Tne dead. weight consists 
chiefly of the weight of the engine, radiator, fue l  tank and fue l ,  
gearing a d  shafts, as follo=s: 
230 HP Eiero engine 335 kg (739 lbs)  
Radiator 
Water 37 " { 8% " ) 
Tota l  402 kg (886 l b s )  
"To the above must be added the weight of the driving gear, 
xkich, w i t h  the crossxise Fosition of the engine w i t h  gears at 
both ends, consists of bevel gears, requiring much space. With 
,the weight of the engine, the weight of the whole structure must 
be increased and, consequently, the necessary l i f t i n g  power of the 
propellers. 
so  t ha t  be t t e r  r e su l t s  can b e  secured w i t h  weaker and l i gh te r  en- 
gines than w i t h  stronger and heavier ones, especially -hen t h e i r  
revolution speed is slower and the torque correspondingly greater. 
It follows logical ly  from t h i s  consideration that ,  especially f o r  
helicopters,  the air-cooled rotary engine is the most promising. 
I n  f s c t ,  even the 100 HP Gnome engine weighs only 100 kg (220 l b s ) ,  
s o  that  two of them, w i t h  an output of about 200 W ,  weigh 160 kg 
(353 lbs) l e s s  than the ve r t i ca l  engine, 
r e su l t s ,  i n  s p i t e  of the greater f u e l  consumption, since the pro- 
The increase of the l i f t i a g  power is not proportioxal, 
This method gives be t t e r  
t 
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p e l l e r s  are coupled d i r e c t  a n d - s t i l l  revolve at  onPj 1200 F.-P.Bb. 
V'L. A ~ ~ G Y  are t k i  more readily i n s t a l l ed  2nd t h e  f r i c t i m  of the gears 
is  eliminated. A t  the s m e  time, the torque is large,  ox account 
of the low speed, but serves a purpose t o  be e q l a i u e d  &term 
"Furthermore, the s t a b i l i t y  problem is solved by the f a c t s  
that  the aenter of gravity is below the attachaent of the mooring 
cable and that the propellers revolve zbout t h e i r  Sxes,  Thile the 
whole frame revolves about the ve r t i ca l  axis  of the a i r c ra f t .  
This arrangement has various advantages, Fhich c m  be e q l a i n e d  i n  
connection with a second project w i t h  t w o  propellers and two wings 
(Fig. 13). 
!'About the central  tower K there  a re  Flaced symmet r id ly  
two  propellers,  ea& driven d i r ec t ly  by a rotary engine. 
pe l l e r  supplies about 100 HP at 1200 R.P.M. and has a torque of 
Each pro- 
volving, e.g. the  propeller % ,  the helicopter w i l l  ro ta te  i n  the 
opposite direction. This can be avoided by czusing the Second pro- 
pe l l e r  S, t o  revolve i n  the opposite direct ion from the first. 
"Bi th  both propellers revolving i n  the sane direction, there  
is considerable uncompensated torque which, w i t h  a lever arm of 
2.5 m ( 8 . 2  f t ) ,  exerts a force of 
F = 60/2.5 = 24 kg (52.9 lbs ) .  
Unless, w i t h  the sane lever ann, 3 force of 24 kg is opposed to 
t h i s ,  the  rotat ion w l l l  be continuously accelerated,. A uniform 
speed of rotat ion may, honever, be readily obtained by r e m s  of 
the wings q= and g , which a re  .made of such dimensions that  their  
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centers of pressure a r e  just  2-5 m from the cer,ter of ro ta t ion  
a.n9 t he i r  head resistance is 24 kg, 
l i f t  and head resistance (or  drag), esch t i n g  exerts a l i f t  of 
240 kg (529 lbs). 
With a ratio of 1/19 Setmen 
The maximum lift is  therefore: 
2 p o p e l l e r s ,  diameter 2.8 m, 100 HP, each 430 kg = 2350 kg 
2 xtngs, each 240 kg = 4E30 " 
Total (2954 l b )  1340 kg. 
Here the so-cslled "parasite" torque is  obviously vepr advmtage- 
ously ut i l ized ,  the s tab i l iza t ion  being effected by the gyroscopic 
act ion i n  conjunction w i t h  the 103 posi t ion of the center of grav- 
i ty.  The central  observation toner is frse t o  ro ta te  and is  held 
e i ther  by t x o  a b l e 6  sufficient>;. divergent t o  overcome the f r i c -  
t ion of the shafts around vhich the propellers and wings revolve, 
or by a small pedal drive operated by the observer and w i t h  = h i d  
he can change his  position a t  any time. 
"The principle  jus t  enunciated has therefolre very great ad- 
vantages, although even here d i f f i c u l t i e s  present thenselves- 
instance, it must be possible t o  vary, at T i l l ,  the angle of a t tack  
of the revolving wings, i n  order t o  change to  gliding f l ight .  
Since the head resis tance of the  Tings is  already prescribed, the 
Fing loading is very high i n  g1idir.g flfght, which is qui te  a dis-  
advantage. The necessary diaensions of the whole helicopter a re  
ra ther  large,  8 t o  9 meters (29.5 f e e t )  diameter, and the location 
of the observation tower, i n  the center of the Thole system of re- 
volving propellers and wings, is very complicated, 
For 
"The ex i t  at the top is unobstructed and i t  is possible t o  use 
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5 rarachute. I f ,  therefore, the observer szves himself, i n  cas5 of 
srrgine f a i l u r e ,  by resort ing to  the parachute, the wing loading i s  
s l i g h t l y  reauced, but since there i s  no one l e f t  t o  adjust  the mings, 
t h e  helicopter, nevertheless plunges t o  the ground. 
"A greater gliding a b i l i t y  is obtainable by mems of one pro- 
pe l l e r  and revolving v i n g ~ .  This arrangement, however, removes the '  
poss ib i l i ty  of escape at the  top, besides bringing the center of 
grsvity too high. Otherwise, the observer could be seated above 
the middle of the propeller znd have an open f i e l d  for f i r i n g  up- 
vard (Fig. 14). 
"From these devices t o  the use of revolving wings is onllr 2. 
s t e p  further. In  this  connection, we thought of the arrangement 
long since prOpo6ed by Prof. Rellner, namely: wings, =hose revolu- 
tions a r e  produced by meme of propellers. This project  is  espec- 
i a l l y  a t t rac t ive .  
and great s t a b i l i t y ,  is thus attainable.  
gines and a peripheral velocity of sbout 100 k m  (62 miles) per hour 
of the center of pressure, a lift of about 200 kg (441 lb)  would 
be at ta inable  w i t h  100 HP, which, w i t h  a lever arm of 2.5 m (8.2 
ft) corresponds t o  a torque of 500 kg-m (3616 ft-lb), This pro- 
j ec t ,  however, has many diaadvantagee. 
or under the  revolving wings, his viev is cut off i n  one direction 
or the  other, the center of gravity is rather  high, the cage sus- 
pension is quite complicated and-the functioning of the engines 
s t i l l  more 60. I n  the use of ro ta ry  engines, troublesome gyroscoP 
i c  phenomena a r e  Froduced by the  ro ta t ion  about the center of the 
V e r y  great lift, wi th  maxi&m gliding a b i l i t y  
By the  use of sm11 en- 
By placfng the  p i l o t  over 
- 
* 
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kelicopter. 
63 not function s o  well on account of the cycloidal paths of theiZ 
blades. 
The same holds true regsrding the propellers, Tklch 
"Finally, a project  w a s  thought out, which consists of wings 
revolving i n  opposite directions (Fig, 15). A low-lying rotary 
e x i n e  is coupled d i rec t ly  with a pair of wings and its housing 
w i t h  a second pair situated under the  first pair. 
they revolve i n  opposite directions,  w i t h  a speed corresponding t o  
Consequently, 
about half the revolution speed of the engine, 
shzft is placed the sea t  
The la t te r  consists of the  ou-briggezs 
K, 
the  seat  from being carried around by f r i c t i o n ,  it is m d e  so it c 
can be turned by inearn of a pedal and be brought i n to  any desired 
position. 
t o  have 'ears, which would be d i f f i c u l t  t o  fastall. 
of the wings is d i f f i c u l t  t o  accomplish. 
too great  an influence on each other, but the center of gravity is 
1 ow. 
Outside the outer 
which is attached to the  suspension. S, 
A w h i c h  carry the cables 
which combine t o  form the mooring cable. I n  order t o  prevent 
For obtaining t h e  required torque, i t  w o u l d  be necessary 
The s h i f t i n g  
Moreover, the  zings exert  
"For the execution of this project ,  we make the following sug- 
gestions. 
learned that a helicopter can be s teered i n  2 very simple manner. 
Two steer ing surfaces, symmetrically arianged 2nd turning i n  oppo- 
s i t e  directions,  make steering possible, s o  t h a t  there  fs no real 
need of 3 mooring cable. No propeller is required and the neight 
of the helicopter is reduced by the aaount of the re ight  of the 
On the basis of experiments w i t h  free-flying rnodeh, we 
L 
i 
* .  
- .  
. 
. 
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mooring cable and the pressure of the wind against  the cable, The 
following suggestions apply, however, t o  both f r ee  and captive 
helicopters. 
"The rotary engine is coupled direct ly  w i t h  a propeller of 
about 3 m (9.8 ft) diameter and gives, at  G300 R.P.M. and 100 m, 
This would cause the helicopter t o  rotate ,  so that W3ng8'WQuld7 
need t o  be used, as already described. 
the helicopter does not exceed 500 kg (1102 lbs)  , a wing s rea  of 
about 15 s q . m  (161.46 sq-ft) a t  30 kg/+ (6.14 lbs / f t2)  wing load, 
is suff ic ient .  
at  100 )Ip, of at  least 440 kg (970 lbs) bmount obtained w i t h  a 100 
HP Mercedes engine and airplane propel ler) ,  s o  tha t  only 60 kg 
(132,3 lbs) more l i f t  is- required f o r  the wings, 
have a load of only about 4 kg/mz (0.82 l b / f t 2 ) ,  can be used w i t h  
5 very s m a l l  angle of attack, offer  very l i t t l e  head resis tance 
and, on account of t he i r  higher revolution speed, exert a very 
Since the t o t a l  weight of 
A di rec t ly  coupled ver t ica l  propeller exerts a lift , 
The -zings thus 
favorable influence on the  s tab i l i ty .  
'Then the engine is thzottled,  the angle of a t tbck of the wings 
is changed and the a i r c r a f t  automatically passee into the gl iding 
position. The engine may also be regulated by contact breaking. 
"The seat  is attached t o  the tripod forming the landing gear 
and connected w i t h  the s teer ing surfaces, 
t a ted  toward each other, the rotat ion of the seat is completely 
prevented. T h i s  requires very l i t t l e  force,  since only the frio- 
Then the l a t t e r  a r e  ro- 
L m- .  
t i o n  of t h e  ball-bearings at the suspension point of the laading 
gear must be overcome (Fig. 16). 
. "If the s teer ing surfaces are both turned i n  the same direc- 
t ion,  the helicopter f l i e s  horizontally, 
are sh i f ted  by a kind of cross-head control, on which there  is also 
the contact for the  ignition. By cleans of the low-lying sea t  and 
the location of the engine under the  tvings, the center of gravity 
is  brought below the wings, which fu l ly  suff ices  fo r  the stabiliz- 
at ion,  as demonstrated by experiments w i t h  models, since the gyro- 
scopic act ion of the  revolving wings exerts a great influence. 
The landing gear has three freely moving, automatically adjusting, 
e l a s t i c  Wheels, vhich enable landing on any ground and w i t h  the 
wind inany direction. 
The s teer ing  surfaces 
"The fuel tank-is ahove the engine, so that  the f u e l  flows t o  
the engine under the influence of gravity. 
f u e l  burns upward, because of the downward motion of the helicop- 
ter. 
ger of f i r e  is  reduced to  a minimum. 
w i t h  fabric. 
In  case of f i r e ,  the 
The whole s t ructure  is made of s t e e l  tubing, so that the dan- 
Only the  wings a re  covered 
"When the engine is star ted,  the helicopter remsins on the 
ground, since the propeller exerts a l i f t  of only about 440 kg (970 
lbs) ,  The wings a re  held s ta t ionary f o r  a w h i l e .  Then they a re  al- 
lowed t o  revolve slowly u n t i l  the  torque is equalized. 
is then thrown wide open, the l i f t  increases w i t h  the  increasing 
peripheral velocity and the  a i r c r a f t  r ises  from the ground, since 
it  now has nearly 150 kg (330.7 lbs) of excess -I@%Xng power, the 
The t h r o t t l e  
I 
. '  
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t o t a l  weight consisting of t3e following 
Rttary engine, 130 
Propeller 
Engine supports 
Fuel tanks 
Fuel and oil for one hour 
Planking around engine 
Wings, 8 complete 
C e s s  f o r  wings 
Rudders 
Suspension 
. Landing gear 
3 whee 1s 
Total dead weight 
Useful load 
Tota l  weight t o  be l i f t e d  
. 
items: 
120 kg 
12 
311 kg 
120 'l 
431 kg 
12 
8 
4 
50 
4 
60 
10 
10 
6 
15 
n 
n 
n 
n 
II 
n 
n 
n 
'I 
n 11 
254.5 
26.5 
17.6 
8.8 
110.2 
8. 8 
132. 3 
22. 0 
22. 1 
13. 2 
33.1 
1ss. 
n 
n 
11 
n 
n 
11 
n 
It 
I1 
n 
n 26. 4 
685.6 lbs. 
264. 6 I t  
950.2 lbs. 
A 100 HP propeller, w i t h  a diameter of 3 rn (9.8 f t )  and about 1000 
R.P.11, and w i t h  the  wings revolving a t  200 R.P.M. , c8n l i f t  at  
l e a s t  400 kg (882 lbs) ,  
and 3 m 
thus giving about 150 kg (330.7 lbs) excess. 
The wings l i f t ,  v i t h  60 kg-m free torque 
lever arm t o  center of pressure, about 200 kg (441 lbs) 
'The wings can be shifted by the  observer without leaving his 
seat. At tCe start they may be given a negative angle of a t tack ,  
which can then be gradually changed t o  posi t ive and thus enable a 
very gentle take-off, 
"In order t o  descend, the engine is t h r o t t l e d  and the wings 
- 32 - 
a r e  given a negative angle of a t tack,  SO t h a t  they may be allowed 
t o  revolve during the descent and thus give a s t a l e  gl iding f l igh t .  
Just before landing, it i s  not necessary t o  speed up'the engine, 
but only t o  give a pos i t ive  angle of attack t o  the zings which. 
produce the effect  of a brake and a l so  causes them t o  exert  a great- 
e r  l i f t ,  thus enabling a gentle landing. 
"There are three s teer ing surfaces, which, by ro ta t ing  tovJard 
one another, prevent the sh i f t ing  of the sea t  from fr ic t ion.  
over, the seat can be shif ted by means of them and, l a s t l y ,  the 
whole aircraft can be steered sidewise, forward o r  backward. 
s teer ing  i s  done by a control s t ick similar t o  the one u s e d  On 
airplanes,  so that the mooring a b l e  is rendered ent i re ly  super- 
f luous. 
More- 
The 
"The noise from the engine is considerably lessened by its be- 
The ease of removing the wings f a c i l i t a t e s  tranSPr- -ing inclosed. 
ta t ion.  
arately. 
than an s i rp lane  fuselage without landing gear. 
Landing gear, wings and propeller can be transported SeP- 
Thus disassembled, the helicopter occupies no more space 
Vere  t h i s  project t o  be carried out, we could del iver  the 
n 
helicopter wifhin four weeks from the date of receiving the engine. 
The "Fliegerarsenalti then explained that i t  would not h o l d  US 
to the or ig ina l  specif ications f o r  the f irst  experimental h e l i c o p  
ter, but must do so f o r  quantity production. A t  tbe same t i m e ,  
doubt mas expressed as to  whether the weights given f o r  the f r e e  
helicopter were correct,  tkt is, as to  whether such an a i r c r a f t  
- 33 - 
could be built,  
on the basis of the f inished drzmings, 
The weights were verified,  however, by cor;.,puta$ion 
Furthermore, it was claimed that ?oe had had no exrerience in  
s teer ing a f r ee  helicopter,  which was a defect i n  OUT arpmmt-!? 
zgainst the captive helicopter. I t  au ld  be r igh t ly  claimed, how- 
ever, that a mooring cable could offer  no help against a f a l l  and 
that just a8 l i t t l e  was knom regarding the s teer ing of a a p t i v e  
helicopter a8 of a f r e e  one. 
hopes on the strong gyroscopic e f fec t  and the low position of the 
center of gravity. As f o r  the r e s t ,  the "Fliegerarsenal" could, 
of course, make no mathematically o r  s c i e n t i f i d l y  j u s t i f i e d  ob- 
ject ion and sentimental ob jections mere not convincing enough. 
No fur ther  sup2ort was given us, however, and, unfortunately, the 
plans, completed even t o  the detailed drawings, had t o  remain idle. 
Vnfortunately," because, vkether successful o r  no t ,  i t  rnesnt a long 
s t ep  forward toward the solution of t h i s  problem.* We ;Pill there- 
f o r e  i l l u s t r a t e  a fern of t h e  s t ruc tura l  de t a i l s  w i t h  drawings. 
The nanner of sh i f t i ng  the -Rings is  shown i n  Fig. 17. 
As regards the s t a b i l i t y ,  pFe based 
Handle 
G i m p a r t s  a ver t ica l  motion t o  rod A and r ing  E, ?pith Thich 
rod A is connected, Ring B is held loosely by the sleeve c ,  
which revolves w i t h  and can s l i d e  slong the shaf t  D. Ring B 
serves t o  i m p a r t  a ve r t i ca l  motion t o  sleeve C but does not re- 
volve. Another rod E connects sleeve C w i t h  the lever F xhich 
I 
- 
rotates  the wing spar. Thus the angle of a t tack may be changed a t  
* It is, of course, now clear t o  me th t  the plans according t o  
Figs. 1-3 and 15 would not have given suf f ic ien t  s t a b i l i t y ,  but 
these plans brought us logical ly  t o  the  plan shown i n  Fig. 16. 
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will, for .ei ther ascending, descending, o r  horizontal  f l ight .  
six wings are  acted upon simultaneously i n  the s m e  ways since 
there are s i x  rods (one for each 7ping) attached to sleeve C. 
A11 
The 
t h r o t t l e  is also connected w i t h  the handle i n  such a way t h a t  the 
wings are automatically thrown in to  the posit ion f o r  gliding 
f l igh t  whenever the engine is t h r o t t l e d  
Steering (Fig.' 18).- There a r e  three surfaces 5 , Fa and F3 , 
s o  _arranged that Fa is opposiGe the seat S. Thua S and Fa 
are located symmetrically with reference t o  the sea t ,  whereas 
is in the  6 m e  ver t ica l  plane as the seat. 
have ar area of 400 x 900 mm (15. I 5  x 35.43 in)  and a spar of 
Fa 
These surfaces each 
40 x 0.8 mm (1.58 x .03 in) s t e e l  tubing, which fits over an axle 
0 made of Wing 38 x 1 mm (1.5 x .04 in )  (Fig, 19). Over the end 
of t h i s  axle 0 $here is slipped a cap K, which is connected 
with the wing by means of a tube running parallel t o  the axle, 
Hence, by rotat ing the cap IC about the a x l e  0, the surface is  
also rotated and its angle of attack is changed. 
Fig. 18 i l l u s t r a t e s  the principle  of the s teer ing  mechmism. 
The control s t i ck  ( the lower end of which is held i n  a ball-and- 
socket jo in t  G) is connected %it6 the caps K by means of pairs 
of levers  
Fig. 18). 
same horizontal plane, but i n  Fig. 18 they a r e  shown at different  
heights f o r  the sake of clearness. 
the control s t i ck  80 they e w i n g  about horizontal  axes. 
and H3 a r e  hinged t o  the caps i n  the same m y ,  
H, Hi, €& q, €& 3 
I n  the ac tua l  design these levers  are si tuated in the  
( the last pair being omitted in  
H: , Hi and H: a r e  hinged t o  
HI , Ha 
One of the l a t t e r  
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'levers (H,) is shown i n  Fig. 20. I t  i s  fashioned out of sheet 
rnetal and has an eye a t  its lower end f o r  hinging t o  the fork- 
shaped end of the counter-lever. 
forward, no e f fec t  is produced on the opposite surface 
H, and Hi 
turns the lever 
surfaces F, and F3 a r e  rotated, thereby imparting an inclined 
posit ion and a f o m r d  motion t o  the  whole a i rc raf t .  
control s t i c k  is  twisted, all the s teer ing surfaces a r e  ro ta ted  
a l ike  and the whole aircraft is turned i n  the same direct ion as 
the control stick. As regards other de ta i l s  (landing gear, wings, 
etc. , there is nothing t k t  c z l l s  f o r  special  mention. 
If the control s t i c k  is pushed 
F,, since 
only turn about t h e i r  horizontal axes. Hi , however, 
H, , so that the symmetrically s i tua ted  s teer ing  
m e n  the 
According t o  experiments w i t h  a model of about 1.5 m (4' 11') 
blzde diameter, the descendhe; speed is  considerably lessened ( i n  
case the engine stops) by the continued rotat ion of the sui tably 
adjusted wings, so that  the poss ib i l i ty  of thus avoiding a crash 
ay_peaYs st leas t  probable. The results of experiments vith mod- 
e l s  a r e  , however, only pa r t i a l ly  spplicable t o  full-sized a i r c r a f t .  
The subject of s t a b i l i t y  is, of course, very important. As 
s t a t e d  i n  my s r t ic le  "Zur S t a b i l i t g t  des Hubschraubers" (on the 
S t a b i l i t y  of Helicopters) i n  No.15 of 2.F.g. , it is very probable 
t h a t  t he  a i r c r a f t  would be s table ,  as a consequence of the gyro- 
scopic action and the low position of. the center of gravity. 
Translated by National  Advisory Commit;tee f o r  Aeromutics. 
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